Pathological disorders caused due to metazoan parasitic infestation were studied in the hill stream fishes of northwest Himalayan region. Host specificity was found to be one of the fundamental features of metazoan parasites which belonged to the class Cestoda, Nematoda, Trematoda and phylum Acanthocephala. The study indicates that a successful co-evolution of the host and its parasite has caused the adaptation of the later by developing evading mechanisms in order to avoid extinction. Besides this it was also observed that some parasites have even understood to benefit from the well developed antiparasitic armament in fish intestinal epithelia. Thus, parasites are exploiting the antiparasitic response mechanism of the host to optimize, host finding, invasion and survival in the host. Such interaction between host and parasites are considered phylogenetically old. Some monogeneans, cestodes, digeneans and acanthocephalans were found to resist pronounced cellular and host reactions which even improved the attachment of parasite into the host predilection site. Scanning Electron Microscopy and hitstopathological examination was conducted on parasites recovered from fishes in order to understand the host parasite interaction and the damage inflicted by parasite on hill stream fish species.
INtroDuctIoN
Parasites are specialists in host environment with close co-evolutionary ties. Convolution embodies two components, togetherness (Co-) and history (Evolution). Co-evolution encompasses both microevolutionary and macroevolutionary associations. Host specificity (by the parasite) and defense mechanism (by the host) play important role in the microevolutionary studies. It is important to integrate micro and macroevolutionary patterns and processes in order to generate a more robust and unified evolutionary biology in host-parasite evolution. Co-evolutionary patterns in parasite-host association indicate that both classes of organisms show a phylogenetic retention of evolved traits that is sufficient to allow reconstruction of their historical relationship.
Number of investigations has shown beyond any doubt that both innate and acquired immune effector mechanisms against parasites are working in a range of teleosts (Woo, 1992) . However, if these mechanisms were highly effective and able to offer total protection to the host it would result in extinction of parasites. Evidently this is not the case a number of investigations, including this one, have documented the existence of rich parasitofauna in every habitat supporting teleosts. We know that every fish species have one or several often very specific parasites in addition to a number of less specific parasites. This will include both protozoans and metazoans and we know that the total number of described fish helminth parasites alone at present exceed far more than 30,000 (Williams and Jones, 1994) therefore it is evident that a parasite must possess an evading mechanism in order to survive as species.
Parasite infections in teleost fish species are limited by constitutive innate defense mechanism that render the host refractory or reduce the severity of infection. Acanthocephalan, the spiny headed worm penetrates the intestinal wall of the host, the inflated bulb behind the spines improves the attachment. However, the most effective anchoring of the worm was actually accomplished by the host itself due to inflammatory reactions and tissue reaction around the proboscis and the bulb secures the firm attachment making it almost impossible to remove this acanthocephalan from intestinal tissue. All helminth parasites are circumventing the response of the host by utilizing the tissue reaction for improved attachment and survival in the host fish. Three broad areas of such host parasite interaction are demonstrated, (I). mechanism by which parasite invades, transmit and colonize variety of niches within the host. (II) optimization of the conditions of host micro-environment for parasites own survival by inducing physical or biochemical changes. (III) evasion of defense mechanism of the host in a variety of ways.
metHoDology

Histopathology
Fishes were sacrificed and tissue infested sites were collected for histopathological examination. Fishes were well euthanized before killing them (Nickum, et al., 2005 Scanning electron microscopy (Sem) studies samples were fixed in 2.5% gluteraldehyde, buffered in 0.1 M Sorensen's phosphate buffer, post fixation in Caulifield's 1% buffer Osmium tetraoxide (OsO4) for 1-2 hour. Afterwards the sample was dehydrated by passing through an ascending series of graded alcohol started from 30%, 50%, 70%, 90% and finally absolute alcohol for 15-20 minutes. Fixed dehydration of the sample was done in critical point dryer (Balzers Union Critical Point Dryer). The material was placed each in a metal basket which was then lowered into a bath of absolute alcohol and after about an hour the material was placed in the bumb of the dryer filled with absolute alcohol, the alcohol was gradually replaced by liquid carbon dioxide (CO 2 ). Specimens were dehydrated by achieving critical point of carbon dioxide (31°C, pressure 72.9 atm) the gaseous carbon dioxide was released and the dried material was taken out of the bumb.
Dried specimens were then affixed properly on aluminum stubby silver deg (collidal silver). It was then sputter coated by a thin coating (100-150 A o ) of the gold palladium alloy in a sputter-coater (Polaron SEM coating unit E500) using argon gas. The processed samples were then loaded in a JEOL JSM-T330 Scanning Electron Microscope.
reSultS
Acanthocephalans
Pomphorhynchus is a metazoan parasite of freshwater fishes, parasitizing the gastrointestinal tract of the hill stream fishes. This spiny headed worm was seen to insert its proboscis into the submucosa and an inflated bulb behind the spines improves the attachment. However, the most effective anchoring of the worm is actually accomplished by the host itself. The presence of these parasites in the intestinal tract was identified by the appearance of yellowish white granules on the outer surface of the intestine; these represent connective tissue capsules developing around the proboscis while the parasite is piercing around the intestinal wall. In some cases the Pomphorhynchus infection was found to cause immunopatological situations in the fishes by inviting the immunocompetant cells to the spot of larval infestation, these cells sometime initiated a granulomatous type of reaction against the larval stages of the parasite thus giving rise to the nodules, the abundance of the parasite was sometimes causing blockade of the gut of the fish. In parasitized Schizothorax niger, four main types of reaction against the body of the acanthocephalan were recognized. Pomphorhynchus kashmirensis caused local damage to the intestinal wall, eliciting catarrhalerosive enteritis in the lumen and a fibroblasticcollagenous and fibro-epithelioid encapsulation in its thickness with tissue zonation according to the depth of parasite penetration, the parasite circumvented all these reactions for its firm anchoring in the predilection site of host tissue.
The principal effect on the host by the thorny headed worms consisted of mechanical damage to the intestinal wall and in deprival of nourishment, especially when the infection was severe. In such case number of worms in the intestine varied from 20 to 120. Very often there were a few worms in the intestine, and the Schizothorax (Endemic fish) was founded more susceptible to the infection of Acanthocephala. Very extensive tissue proliferations were found which were damaging the neighboring tissue of the liver and pancreas. The appearance of a large number of nodules is based on the fact that the duration of the pomphorhynchoids remaining in the intestine is not long, coming to an end of spring, and that after the worm proper has fallen off, and the proboscis itself perishes in the intestinal wall. In this way more yellow nodules and eruptive spots appear in the intestinal wall. It was also found that P. kashmirensis attack the entire intestine, sometimes close to the anus, so much so that one end can protrude. Pomphorhynchus was also found to penetrate the body cavity, whereby the liver very often was pierced which resulted in necrosis of the liver. This type of damage was associated with the clinical signs like inflammation and infectious ascites. Results of this study indicated that a severe attack by this worm can kill the fish or deprive them of their power of resistance against other injuries.
Neoechinorhynchus
In view of short proboscis with few hooks was found to penetrate less deeply in the intestine. Even if it bores through the epithelium and destroys the mucosa at some places with its hooks. However, it was found that if proboscis remains in the submucosa, the stratum compactum was not reached. Only the tissue lacerated by the proboscis, become necrotic, and even when the worms establish themselves along the length of the intestine, the intestinal tissue under it remains unaffected. The body of the parasite in most cases was surrounded by mucus, no leucocyte accumulated even around the proboscis which can be easily withdrawn from the intestine, because the Neoechinorhynchus often changes its position in the intestine. The older females and males parasites die soon after copulation and are to be found predominantly in the posterior part of the intestine. Neoechinorhynchosis was accompanied by protrusion of eyes of hosts, the reason for this is that gut in these cases was so infested with Neoechinorhynchus that the entire intestine from the stomach onward was occupied by parasites. In the case of Cyprinus carpio the intestinal wall was not pierced, but the intestinal epithelium was severely destroyed in the vicinity of the proboscis and the connective tissue was found to develop proliferations. Some fishes were found completely emaciated due to the damage of the intestine by Pomphorhynchus infection; in such conditions the fishes were not marketable. The additional observations on the 
cestoda trematoda and Nematoda
The attachment of these parasites was considerably improved due to the inflammatory reaction of the host fish, which encapsulate the scolex in a spherical tissue structure comprising a The pathological changes manifested in the form of shortening of intestinal villi or compression of the muscosal folds due to heavy infection which probably is a consequence of necrosis. Furthermore the cestode parasites deprive the host from some essential nutrients especially vitamins. The monogenean trematode Diplozoon (ectoparasite) attach themselves between the series of gill filaments and impair respiration of host, they destroyed brachial tissues leading to Inflammation and gill lamilar oedema. The Camallanus (nematode) was found to cause mild damage to the host. The histopathological study of the infected organs showed that the surface epithelium, lamina proporia, muscle tissue and submucosa were disintegrated at the site of entry of the nematodes into the wall; adjacent cells became flattened with displaced nuclei. Worm portions present in the submucosa were surrounded by fibroblasts, histiocytes, eosinophils and lymphocytes but no capsule was present. Blood vessels were congested and dilated, and in heavy infections there was a wide spread haemorrhage and complete loss of muscle layers. The host tissue response of fish infected with Bothriocephalus was some time pronounced as intact pleurocercoids were found encapsulated with connective tissue that was infiltrated with lymphocytes and macrophages, granulomatous tissue that was fibrotic was also observed. Spleen demonstrated a reduction in cellularity and increased connective tissue.
Moderate incidence of the black grub infection occurred in the adult and fingerlings of schizothoracine fishes, the infected fingerlings showed behavioural changes like laziness and less feed uptake. On examining the black spot, a cyst was recovered which was identified as metacercarial cyst of Neascs vetesta which is known to have many intermediate hosts and fish is one of them. The metacercaria of N. vetesta was found to burrow into the skin of fish fingerling causing the formation of a cyst approximately 0.5 mm in diameter. This parasite is known to have a complex life cycle that requires fish eating birds or mammals, snails, and fish at different stages in order to survive. In general, even heavy infestations of these parasites do relatively little damage to the fish. But in the case of juvenile fish the infestation can be dangerous. The black grub is actually white and not black; the black spots are the result of pigment from the fish that surrounded the encysted grub. The black grub was found only in the flesh and the abdominal cavity. The histopathological investigations showed the fibrous capsule formation around the cyst which was putting mechanical pressure to the surrounding tissues, hence reducing the peritoneal space of the fingerling sometimes resulting in abdominal distension. The table size fish infested by black grub did not cause any serious health problem to fish, but infected fish was not marketable.
DIScuSSIoN
The research activity in the field of fish parasitology has expanded significantly during the latest decades and we are gaining more information about the intricate reactions of teleosts against various pathogens. It is known from the mammalian immunology that some parasites utilize central molecules of the immune system to invade the host the classic example is that of Leishmania infecting macrophages, one of the most important cells of the host. The binding between the parasite and the macrophage is crucial for the infection. This is accomplished by interaction between complement receptors on the host cell membrane and deposited complement factors on the parasites (Wakelin, 1996) . Entry into parasitophorus vacuole of the macrophage the Leishmania parasite survives by modulating the oxidative burst of the cell and changing expression of MHC II and cytokines of the host cell (Bogdon & Rollinghoff, 1999) . Also the immunologically important M cells (Membranous epithelial cells) in mucosal epithelia (which transport antigen from the surface of the underlying lymphoid tissue) are exploited by pathogens as a gateway into the host.
In this study, we have found the evasive mechanisms by the parasites which are little different from the mammalian system. The parasites which were inhabiting the alimentary canal of fishes were found to cause severe damage to the intestinal lumen and to the surrounding tissue by penetrating through the intestinal wall and finally leading to necrosis of the infested tissue. The parasites were sometimes found to damage the nervous system of the host, interfering with their nutrition and metabolism and disturbing the movement and secretary functions of the alimentary canal. Early works in the field of fish histopathology are supporting our observations, noteworthy is the work of Bell et al. (1990) who on the basis of his exhaustive work on intestinal histopathology of fishes reported many histopathological and histomorphological manifestations in fishes. The presence of helminth parasite in intestinal lumen was found to invite various immunocompetent cells (mast cells and eosinophils) which were degranulating and releasing some helminthotoxic substances hence causing destruction of the larval helminth parasites in the alimentary canal of the fish but on the other hand these helminthotoxic histamines were found to cause local inflammatory reaction in the intestinal tissue thus damaging the intestinal lumen, also the movement of the parasite was putting mechanical pressure on to the surrounding tissue leading to the necrosis of tissue. The change of the predilection site by the parasite was leaving ulcer caused by its proboscis/scolex, which was found to be a suitable site for the secondary infection by the microorganisms. The juvenile parasites were causing severe granulomatous reaction in the tissue, which they were inhibiting hence altering the normal histological setup of the tissue by accumulation of eosinophils and fibrous tissue around the infestation site. These results are in accordance with the findings of Crompton (1973) and Chishti et al. (2002) who published a complete review on the sites occupied by some parasitic helminths, and the extent of damage thereby caused. They laid emphasis on the histopathology caused by the Acanthocephala spiny headed gastrointestinal parasite on the freshwater fishes. They were of the same opinion that juvenile Pomphorhynchus parasites were causing severe granulomatous reaction in host tissue.
The mucosal epithelium of the gut adjacent to the metasoma of the worm suffered compression and abrasion. The prosoma of the P. kashmirensis penetrated the mucosal epithelium, lamina proporia, stratum compactum, stratum granulosum, muscularis and serosa of the gut wall, and was invested by fibrous capsule of inflammatory tissue. This was found to be composed of 4 principal cell types. Eosinophilic granulate cells (EGCs); type A cell, type B cell; fibroblasts, some melanocytes and lymphocytes were also present. The role of EGCs in the inflammation response is not known, but may not be an active one. The type A cells resembled the neutrophils of other fish species, and were tentatively placed in this category. The type B cells resembled the plasma cells and may have been involved in a humoral response to the parasitic infection, the integument of P. kashmirensis did not appear to be damaged by the cells of the inflammatory tissue, and it seems likely that this host response was incapable of rejecting the parasite. Same conclusion has been drawn by Cohen and Sadam (1976 In cestode infections caused either by Bothriocephalus or Adenoscolex there was excessive mucus production and lymphocyte infiltration associated with focal pressure necrosis, localized haemorrhages were sometimes found. Some fishes were found to have distended intestines due to blockage by aggregates of worms. Same observations were made by Scott and Grizzle (1979) on pathology of cyprinid fishes caused by Bothriocephalus idella and reported the disorders like focal pressure necrosis and excessive mucous production in fish. Furthermore hyperplasia due to mechanical irritation was found to be the reaction of connective tissue, by contrast the unarmed scoleces does not cause tissue reactions and inflammation. Almost same results were found by Korting (1977) who presented a brief review on hyperplasia and mechanical irritation caused due to cestode parasites, and concluded that this association does not cause any serious tissue inflammation. In the current study, inflammatory foci of mononuclear cells and haemorrhages in the intestine was predominant in the Acanthocephala infection these observations corroborate with the findings of Ferraz et al, (1990) who had drawn the same conclusion while studying the histopathology caused by P. mesopotamicus. Further, Esch and Huffins (1973) studied the tissue reaction of M. dolomieui infected with acanthocephalans and reported fibrosis and eosinophilic granulocytosis as observed in the present work. According to Hedrick, (1998) the presence of great number of helminths may cause inapettence and susceptibility to secondary infection of fungus and bacteria. These findings are in accordance with our observations in which the lesions caused by the helminth parasites were attacked by the secondary invaders like bacteria and fungi. Intestinal obstruction, compression of villi, haemorrhages, presence of macrophages and fibroblasts were tissue changes reported by Amin & Heckmann (1992) from C. columbianus infected with N. idahoensis. This confirmed the present observations in which the proboscis attachment provoked the host tissue response in both common carp and schizothoracine fishes. The same conclusion was drawn by Martins et al, (2001) who reported severe histopathological manifestations as a result of Acanthocephala infection in fishes. Longshan, et al, (2004) reported the same results while working on the greater pipe fish, but did not mention about the presence of immunocompetant cells in the predilection site of the parasite. The nematode parasites were found to cause localized damage in the predilection sites, by boring through the tissue. In the present study was coincide with Mathen et al, (2004) who working on the effect of parasitism on Europeaneels by nematode parasites.
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